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Abstract This work studies the correlation among environmental density and ra-
dio AGN presence up to z = 2. Using data from the photometric COSMOS survey
and its radio 1.4 GHz follow-up (VLA-COSMOS), a sample of radio AGNs has
been defined. The environment was studied using the richness distributions inside
a parallelepiped with base side of 1 Mpc and height proportional to the photomet-
ric redshift precision. Radio AGNs are found to be always located in environments
significantly richer than those around galaxies with no radio emission. Moreover, a
distinction based on radio AGN power shows that the significance of the environ-
mental effect is only maintained for low-power radio sources. The results of this
work show that denser environments play a significant role in enhancing the proba-
bility that a galaxy hosts a radio AGN and, in particular, low-power ones.
1 Introduction
The problem of the transformation of the galaxy population from star-forming to
quiescent is still an open one in modern astrophysics. General agreement has been
reached on the fact that galaxy mass, galaxy environment and AGN feedback play a
major role in star formation quenching. It has been suggested (see [4]) that the cen-
tral AGN co-evolves with the host-galaxy: while the host-galaxy transforms from
a star-forming to a quiescent one, the AGN passes from a quasar, X-ray emitter
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phase to a radio-galaxy one. These transformations happen at earlier epochs for
haloes of higher mass, that were found to reside primarily in high-density environ-
ments, where early-type galaxies dominate at low redshifts ([8, 3]). Moreover, it
was already known that many radio AGNs reside in early-type galaxies ([6]), that
the probability that a galaxy hosts a radio AGN is increasing with stellar mass ([1]),
and that the fraction of radio active early-type galaxies is an increasing function
of local density ([2]). In this work (see [7]) the environment of radio sources of
the VLA-COSMOS survey ([9]), cross-identified with the COSMOS photometric
redshift sample ([5]), is explored.
2 Data And Method
The analysis was performed on the environment of a selection of 272 radio AGNs
from the VLA-COSMOS survey ([9, 10]). This survey (which is composed of 1.4
GHz data, with a sensitivity of about 11 µJy r.m.s.) was cross-correlated with the
COSMOS photometric survey ([11]) with photometric redshifts measured by [5].
The COSMOS survey catalogue is composed of optical galaxies down to i+ < 26.5,
which were used both as tracers for the environment around AGN sources and as
extraction pool for the control samples. The accuracy of the photometric redshifts
(zp) is estimated to be σ∆z/(1+z) = 0.06.
Fig. 1 Left: SSFR - M∗ plane. The black crosses refer to the full sample of VLA-COSMOS radio
sources, the red triangles to the radio AGN sample, and the green lines to the cuts in stellar mass
and SSFR described in text. In yellow, the full COSMOS optical sample is reported for comparison.
Right: Galaxy overdensity richness distribution, samples AGN and QO. This plot refers to 1≤ z≤
2. The solid red line represents the AGN sample, the grey lines the 100 extractions of the QO
control sample. The dashed black line is the richness distribution of the control sample extraction
corresponding to the median value of the KS probability value distribution.
AGNs were extracted among radio sources as those hosted by massive and qui-
escent galaxies through a cut to log(M∗/M)≥ 10 and log(SSFR/yr−1)≤−11, as
shown in the left panel of Figure 1. The control sample of normal galaxies QO has
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been extracted from the same lower-right region of the SSFR - M∗ plane. In order to
have a fully representative control sample, galaxies were randomly extracted with
the same mass distribution of the radio AGNs.
The environment has been estimated around every AGN source and control
galaxy by counting optical galaxies in a parallelepiped with a base side of 1 Mpc
(comoving) and height 2 ·∆z = 2× 3×σ∆z/(1+z)× (1+ zp), in three different red-
shift bins: z ∈ [0.0−0.7[, [0.7−1.0[ and [1.0−2.0]. The number of radio AGNs is
respectively 119 sources, 100 sources, and 53 sources.
3 Results And Conclusions
It was found that the environment around radio AGNs is significantly denser than the
environment around sources from the control sample (i.e. that show no sign of radio
emission). This is visible in the right panel of Figure 1, which shows the overdensity
richness distribution for the AGN sample and for the 100 independent extractions of
the control sample in the farthest redshift bin. A Kolmogorov-Smirnov test between
the distributions results in median values of the KS test probability value distribution
of 8.6×10−5, 6.0×10−6, and 0.006 in each redshift bin respectively.
The AGN sample has been further divided according to its radio power: a high-
power sub-sample (log(L1.4GHz)≥ 24.5) and a low-power one (24≤ log(L1.4GHz)<
24.5) were created, with the distinction between the two that roughly corresponds
to the canonical division between FRI and FRII objects.
It was found that the significance in the environmental segregation signal is main-
tained only for low-power radio AGNs in the lowest and intermediate redshift bins,
while for the high-power radio AGNs no significant signal is present. Therefore,
higher overdensity richness enhance the probability that a galaxy hosts a low-power
radio AGN. In conclusion, we found a clear correlation between radio AGN pres-
ence and environment up to z∼ 2, consistent with the scenario sketched in [4].
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